The poultry market has changed due to a higher consumer interest on products with differentiated organoleptic characteristics, making of free-range broiler production a promising activity. This experiment was conducted to determine the digestible lysine requirements of Redbro Cou Nu male and female chickens during the starter phase (one to 21 days of age). Six hundred and thirty Redbro Cou Nu broilers were distributed into 30 pens (21 chickens/pen) according to a randomized complete design in a 5 x 2 factorial arrangement, consisting of five levels of digestible lysine and two sexes, with three replicates (pens) per treatments. Diets with increasing digestible lysine levels (8.1, 9.5, 10.9, 12.3 and 13.7 g of digestible lysine per kg of diet) were offered ad libitum. The following performance traits were evaluated at the end of the experiment (d 21): feed intake, lysine intake, body weight gain, and feed conversion ratio. No interaction between dietary lysine level and sex was observed for the evaluated traits. The effect of sex was only detected on body weight gain, while effects of dietary lysine level were only detected on the feed intake. Males presented higher body weight gain than females. Lysine intake and body weight gain increased, and feed conversion ratio decreased as the level of dietary lysine increased. The best feed conversion ratio was obtained when birds were fed 12.95 g of digestible lysine per kg of diet.
INTRODUCTION
The rearing of free-range broilers for meat production, which provides better animal welfare, food safety, sensory meat quality, and environmental care, is a promising alternative in poultry production. Although the demand for free-range broilers has increased (Cunha Filho, 2014) , the nutritional requirements for these birds are very little studied compared with industrial broilers. In order to obtain the maximum efficiency in the production of free-range broiler chickens, a feeding program needs to be established for feed formulation (Pinheiro et al., 2011a) .
The main ingredients used in poultry feed formulation are corn and soybeans, which amino acid profile is not always adequate to supply birds' needs. Excessive protein supply or imbalance among amino acids may compromise the performance of broiler chickens may cause an excessive load of amino acids in the bloodstream, requiring extra energy expenditure to metabolize and excrete nitrogen as uric acid (Oliveira Neto & Oliveira, 2009) .
Therefore, determining the amino acid requirements to obtain optimum growth and carcass yield is extremely important for the success of poultry production. Hence, the objective of this work was to evaluate the effect of increasing levels of dietary digestible lysine on Pinheiro et al. (2011b,c) were used to meet phosphorus and calcium K ¬ 3 to 2.5 g, folic acid -1g, antioxidant -100.000 mg, and vehicle qsp -1.000 g.
MATERIAL AND METHODS
requirements. Other nutritional requirements were met according to the calculations of Rostagno et al. (2011) for diets to provide the ideal ratio between amino acids and lysine and broilers with regular performance. The increasing levels of digestible lysine tested were 8.1, 9.5, 10.9, 12.3, and 13.7 g of digestible lysine per kg of diet. L-lysine HCl was added to the diets at the expense of cornstarch and glutamic acid. Throughout the experimental period, the birds received feed and water ad libitum. The following performance traits were evaluated at the end of the experiment: feed intake (g/chicken), lysine intake (g/ chicken), body weight gain (g/chicken), and feed conversion ratio (g feed intake/g weight gain). In addition, average maximum and minimum house temperatures were daily recorded at 8 am and 6 pm. No lighting program was applied; chickens were exposed only to natural light.
Data were submitted to analysis of variance using the GLM procedure of the Statistical Analysis System (SAS, 2008) to verify possible main effects of the studied factors and their interactions. Means were compared by the F test at 5% probability level. When a significant (P<0.05) main effect of dietary lysine level was detected in the analysis of variance, a regression analysis was then performed using the REG procedure of the SAS. In order to check the best data fit, the sum of squared deviations, the significance of the F test, and the coefficient of determination were considered. In order to determine the best dietary level of lysine for the traits evaluated both linear and quadratic equations were tested.
RESULTS AND DISCUSSION
The average maximum and minimum temperatures were 37.1 and 23.5°C, respectively. According to Macari et al. (2004) and Abreu et al. (2007) , the ideal room temperature to provide thermal comfort for broiler chickens should be 30-32 o C in first week of age, [28] [29] [30] o C in the second week, 26-27 o C in the third week, [23] [24] [25] [26] o C in the fourth week, 20-23 o C in the fifth week, and 20 o C in the sixth and seventh weeks. Some studies have demonstrated that nakedneck broiler chickens have a higher resistance to high temperatures, because they are able to dissipate more heat in function of a reduction of up to 40% in the number of feathers and, therefore, should be chosen for hot climates (Silva et al., 2001; Fukayama et al., 2005) .
There was no significant interaction (P≥0.05) between dietary lysine level and sex for the traits studied in this experiment (Table 2 ). However, a main effect of sex was only detected (P<0.01) for the body weight gain. Dietary digestible lysine levels did not influence (P≥0.05) feed intake, but affected (P<0.01) lysine intake, body weight gain, and feed conversion ratio.
Because there were no differences (P≥0.05) in feed intake due to increasing levels of dietary digestible lysine levels (Table 2) , it is possible to assert that the ideal ratio between essential amino acids and lysine was maintained in the experimental diets, which were formulated according to ideal protein concept. These Likewise, in other studies, dietary digestible lysine levels did not influence the feed intake of naked-neck chickens between 1 and 28 days of age (Nascimento et al., 2009) or of Cobb chickens between 8 and 21 days of age (Haese et al., 2012) . On the other hand, feed intake and final body weight reductions were observed in naked-neck chickens between 1 and 28 days of age when dietary digestible lysine levels increased (Oliveira et al., 2013) . According to the authors, these findings were observed because of the imbalance among the amino acids in the diets.
As expected, lysine intake (LI) linearly increased (P<0.01) as dietary digestible lysine levels increased (Table 2 ). This increase in LI may be attributed to the increase of digestible lysine levels in the diet, because feed intake was not affected. The following equation predicted lysine intake: LI = −0.42202 + 7.44780*LYS (R 2 = 0.95). A linear increase of LI as a function of increasing levels of dietary lysine was also observed in previous studies (Siqueira et al., 2007; Haese et al., 2012 and Oliveira et al., 2013) .
The increasing dietary digestible lysine levels also caused a linear increase (P<0.01) in body weight gain (BWG) in naked-neck chickens ( Table 2 ). The linear equation estimated to predict the BWG was: BWG = 0.2877 + 0.1258*Lys (R 2 = 0.60). The increase in BWG due to increasing dietary digestible lysine levels may be explained by a higher absorption of digestible lysine, resulting in higher protein deposition in the muscle. Higher BWG between 1 and 21 days of age was also verified in broiler chickens fed higher levels of dietary lysine (Barboza et al., 2000; Cella et al., 2009) .
There also was an effect of sex (P<0.01) on the BWG of these chickens (Table 2) . Males presented higher (P<0.01) BWG compared with females. This result may be attributed to the lower maintenance and gain requirements of males in relation to those of females (Hurwitz et al., 1978; Longo et al., 2006) . Similar response pattern was also verified in Hubbard chickens between 1 and 21 days of age in a previous study (Barboza et al., 2000) .
The feed conversion ratio (FCR) of Redbro Cou Nu chickens was only influenced (P<0.01) by dietary digestible lysine levels (Table 2) At this level of dietary lysine, the estimated lysine intake was 9.22 g. On the other hand, the recommendations for Redbro Cou Nu chickens suggest 1% total dietary lysine (Globoaves, 2011) . However, according to Nascimento et al. (2009) , higher lysine intakes could promote higher muscle deposition and lower carcass fat accumulation, resulting in better FCR in chickens. Lower FCR for males and females broiler chickens were previously estimated at dietary lysine levels of 1.22 and 1.24%, respectively (Bernal et al., 2014) .
According to the performance results obtained in the present study, the level of 12.95 g of digestible lysine per kg of diet at an estimated lysine intake of 9.22 g is recommended for Redbro Cou Nu broilers during the starter phase (one to 21 days of age).
